The magnitude of the absorption coefficient or the intensity of an absorption peak in rotational spectroscopy is due to several factors First is the relative populations of the rotational energy levels as given by the Boltzman constant. Second is the degeneracy of each of the rotational energy levels. Third is the contribution of the partition function and finally the transition moment for that transition. This activity permits you to examine each of these contributions individually and then all together.
Background Information for the Activity
The fraction of the microwave power transmitted through a cell, P/P 0 , which is called the transmittance, T, decays exponentially with the length of the cell, d, and the magnitude of the absorption coefficient, γ, which varies with the frequency of the radiation, v. SI units are used in this analysis so the absorption coefficient has units of m -1 .
T P P 0 = e γd − = An absorption spectrum consists of a plot of the absorption coefficient as a function of the microwave frequency, γ(v). Such a spectrum usually is obtained experimentally as the absorbance vs frequency since the absorbance is log(P 0 /P), which equals γd/2.303.
The absorption coefficient, γ(v), is a sum of the absorption coefficients, γ J (v), associated with the transition from each initial rotational energy level J to the final level J+1. Each γ J (v) can be written as a product of several factors that are defined below. C = all the constants that appear at various steps in the derivation. N = the number of molecules per m 3 in the absorption cell. D J = the square of the transition dipole moment for the transition between energy levels, depends on the permanent dipole moment of the molecule µ and the rotational quantum number J of the initial level. P J = a factor accounting for the population difference between the initial and final energy levels.
F n = the fraction of molecules in vibrational state n. F J = the fraction of molecules in rotational energy level J. Note that F n F J is the fraction of molecules in vibrational level n and rotational level J. L(v,J) = a lineshape function that describes how the absorption coefficient γ J (v) associated with a transition from level J to J+1 depends on the microwave frequency.
Review of concepts
For a molecule in the nth vibrational state, the rotational energy of the J rotational level is given by:
Boltzmann's constant With these basic equations we can proceed to produce a rotational spectrum. First, however, we need to do some preliminary work to prepare for drawing the spectrum. Notice the structure of the function. Emax is the amplitude maximum for a peak in a spectrum. This peak is centered at ν J in a spectrum that has a range v. ∆ν is the width of the peak at half height.
Each peak in a spectrum has a function like this to describe it. The full spectrum is obtained by plotting the Lorentian function as a function of v and J where J is the quantum number for the origin of the rotational transition giving rise to the peak.
We will construct the rotation spectrum for CO with a function known as a Lorentian. The Lorentian function is a standard function used to model spectral peaks.
where Be is the rotational constant and α is the rotation-vibration interaction constant.
where Bn is the rotational constant for a molecule in the n th vibrational state and Dc is the centrifugal stretching constant. 
Build the Spectrum
Now we will use our knowledge about Rotational States to construct a spectrum for CO in the microwave region. Each peak in the spectrum results from one of the transitions we calculated above. In this activity you will add successive corrections to the spectrum in order to understand why the rotational spectrum has the shape we see experimentally. Specifically you will adjust the amplitude of each peak to reflect the following:
the degeneracy of the energy levels, • the effect of temperature, • the effect of including rotational and vibrational partition functions, • the population of the energy level leading to the transition, • centrifugal stretching, • the magnitude of the transition moment for that transition. • We will use the Lorentzian to construct the spectrum. What region of the electromagnetic spectrum does the data tell you to find the spectrum?
.. := Compute the Delta E for each transition given that the allowed transitions are J = +1 or -1. For absorption we use +1. 
Rather than redefine a variable name we will use a new variable name for frequency.
For practice here we are saying that all the absorption coefficient intensities are the same. This is not true but it permits us to explore the contribution of ∆ν in the spectrum. Centrifugal stretching contribution to the frequency of a peak in the spectrum.
This is the degeneracy of each energy level.
This is the fraction of molecules in a particular energy level. It is obtained from the rotational partition function. ΓΓ J is the factor that you will ,modify to include the degeneracy of the transition, the population of the origin of the transition, and the transition moment of a transition. All these factors affect the absorption intensity of peaks observed by spectroscopists.
